Abstract: The paper presents distribution data on Allium ursinum L. in Poland, with additional records from the other European countries. The study comprised 367 herbarium specimens, drawn from most of Polish herbaria and individuals obtained during field investigations. Two subspecies have been recorded: A. ursinum L. subsp. ursinum and A. ursinum subsp. ucrainicum Kleop. et Oxner. The study also documents the presence of intermediate populations at the border of the distribution ranges for both subspecies. In addition, the paper presents the pedicel structure and pollen grains ultrasculpture of each subspecies under a scanning electron microscope (SEM). Finally, questions in respect of the distribution data and habitat preferences are discussed.
Introduction
Allium ursinum L. belongs to monotypic A. sect. Arctoprasum Kirschl. within subgenus Amerallium Traub. (Friesen et al. 2006 ). Allium ursinum comprises two subspecies, which are distinguished on the basis of pedicel morphology (Bordzilovskij 1950) . Allium ursinum L. subsp. ursinum has scabrous pedicels with numerous papillae and occurs in the western part of the species distribution area (Stearn 1978 (Stearn , 1980 . Allium ursinum subsp. ucrainicum Kleop. et Oxner, however, is characterized by smooth pedicels and occurs in the eastern part (Bordzilovskij 1950; Stearn 1978) . Moreover, various intermediate populations frequently occur at the border between the distribution ranges for both taxa (Zahariadi 1966; Soják 1968) . Nevertheless, the general division of geographical range for both subspecies is evident.
The distribution centre of A. ursinum subsp. ursinum is located in Western Europe. The subspecies occurs from Portugal, Spain, France, Switzerland, Belgium, Netherlands, Great Britain and Germany, running through Italy, Austria and the Czech Republic and up to Lithuania and the Scandinavian countries (Bordzilovskij 1950; Tutin 1957; Soják 1968; Karpavičienė 2005 Karpavičienė , 2006 Aguiar & Aedo 2006; Krahulec & Duchoslav 2010; Aedo 2011) . Allium ursinum subsp. ucrainicum has been described from Dnieper Upland in the central part of Ukraine (Bordzilovskij 1950) ; however, it is widely distributed in Eastern and South Eastern Europe. Its distribution range includes Austria, the Czech Republic, Poland, Slovakia, Hungary, the countries of the former Yugoslavia, namely Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Montenegro, Macedonia and Kosovo, as well as Bulgaria, Romania, Ukraine, Belarus and the European part of Russia (Bordzilovskij 1950; Soják 1968; Zahariadi 1966; Krahulec & Duchoslav 2010) . It has also been reported from the Caucasus and Anatolia (Bordzilovskij 1950; Soják 1968) , Moldavia (Chifu et al. 2006) and Italy (Soják 1968; Stearn 1978; Conti et al. 2005) . It is important to note that A. ursinum subsp. ucrainicum is also cultivated as a garden or medicinal plant, being treated as a spice or food additive, as well as being planted in parks and cemeteries. This fact perhaps explains its rather surprising occurrence in some localities in Western Europe (see Hanelt 2001; Seidemann 2005) .
No distributional and morphological studies on A. ursinum have been carried out in Poland to date. Owing to the fact that the distribution of the subspecies was previously recognized in the former Czechoslovakia by Soják (1968) , and given his results, it might well be assumed that the border of the distribution ranges for both taxa also passes through Poland. Thus, I decided to investigate the situation in that country. Moreover, further investigation into the distribution in adjacent European countries for the two subspecies is undertaken on the basis of available material.
The main purpose of this study is therefore to delimit the distribution range of the species in Poland on the basis of herbarium specimens with additional records from other countries. It also addresses the attempt to examine micromorphological structure of pedicels and ultrasculpture of pollen grains for both subspecies, something which has not been documented to date. Finally, questions in respect of the distribution data and habitat preferences are discussed.
Material and methods
The analysis comprised 367 herbarium specimens from the following Polish herbaria: BIL, KRA, KRAM, LBL, LOD, OLS, POZ, SZUB, UGDA, WA. In addition, field investigations were carried out in 2009 and 2010. The list of specimens examined is presented in the appendix. The study was carried out in order to determine the distribution range of A. ursinum subsp. ursinum and A. ursinum subsp. ucrainicum in Poland and adjacent countries as well as to analyse the course of the boundary line and the situation on the border of the distribution ranges for both taxa. After the herbarium examination, one locality, namely the Parkowe nature reserve (50
• 41 36.82 N; 19
• 24 58.35 E), on the border of distribution ranges for both taxa was selected for further morphological investigation of the pedicels of intermediate forms in this population. The herbarium material was deposited in the herbarium of the Institute of Botany, Jagiellonian University (KRA) in Kraków.
As regards the further analyses, the morphological features of A. ursinum were first observed in a stereoscopic microscope (the Olympus SZX9). The micromorphology of pedicels and pollen grains were studied using scanning electron microscopy (SEM) (the HITACHI S-4700 and NORAN Vantage) at an acceleration voltage of 10-20 kV. The use of SEM facilitated investigation of the details of the exine sculpture of the pollen grains, as well as pedicel ultrastructure after sputter-coating with a thin layer of goldpalladium. The observations were made on the basis of 22 herbarium specimens selected from different parts of the species distribution range. The analysis was carried out in order to explore the structure of the pedicel morphology, the most essential characteristic for diagnosis, and to verify whether characteristics of pollen morphology have taxonomic value. The observations were performed in the Scanning Microscopy and Microanalysis Laboratory at the Institute of Geological Sciences, Jagiellonian University in Kraków. The terminology describing the pollen morphology follows Moore et al. (1991) , Kosenko (1999) and Hesse et al. (2009) .
Results and discussion

Distribution in Poland and adjacent countries
The distribution of A. ursinum has been already recognized in Poland (Zając & Zając 2001) ; however, the distribution ranges of each subspecies have not been studied to date. Two subspecies were recorded during the course of this study, namely A. ursinum subsp. ursinum and A. ursinum subsp. ucrainicum. The list of specimens examined is presented in the appendix. The occurrence of A. ursinum subsp. ucrainicum in Poland was previously supposed (Soják 1968; Stearn 1978) , but without providing any respective localities. This study has confirmed its occurrence in the country along with the determination of this subspecies range. In addition, a contact boundary line for the two subspecies' ranges in Poland has been outlined (Fig. 1) . According to the results of the study, A. ursinum subsp. ucrainicum occurs mainly in the Carpathians and Carpathian Foothills, although single localities of this subspecies are also recorded in South Eastern Poland. The NE limit of this subspecies connects the Wyżyná Sląska upland with the Polesie Wo lyńskie region and the Nizina Pó lnocnopodlaska lowland (Bia lowieża Forest) via the Wyżyna Krakowsko-Częstochowska upland, the Wyżyna Kielecka upland, the Wyżyna Lubelska upland and Roztocze (Fig. 1) . It should be emphasized that most of the localities are concentrated in deciduous woodlands in the Carpathians and Carpathian Foothills, where A. ursinum subsp. ucrainicum frequently creates compact clusters, usually covering several hectares. It is most abundant at altitudes from 300 to 700 m above sea level, but reaches an altitude of 1100-1150 m in the Babia Góra Mountains, the Gorce Mountains, the Pasmo Radziejowej Mountains and the Bieszczady Zachodnie Mountains. In the northwestern part of A. ursinum subsp. ucrainicum distribution range, the subspecies is rather rare and its localities are mainly connected with large and mostly ancient forest complexes, such as, for instance, Bia lowieża Forest and PuszczaŚwiętokrzyska Forest. The localities of A. ursinum subsp. ursinum are concentrated in the southwestern and northern parts of the country; however, it occurs most frequently in the Sudety Mountains and the Lower Silesian region (Fig. 1) . Taking into account the distribution of both subspecies in the southern part of the country, this situation is consistent with the data from the Czech Republic and Slovakia presented by Soják (1968) .
It should be added that intermediate forms occur at the border of the distribution ranges for both subspecies in Poland. This study has documented the presence of several populations represented by numerous specimens with intermediate morphotypes, for example those in the Parkowe nature reserve, the Górý Swiętokrzyskie Mountains or the Bia lowieża Forest (Fig. 1) . On the basis of the morphological observation of numerous individuals in the population in the Parkowe nature reserve, it can be concluded that, within a single locality, both intermediate individuals and sometimes representing one of the subspecies K. Rola were recorded. The intermediate populations, of presumably hybrid origin, can be characterized by the variable occurrence of papillae within the same pedicel, the whole single inflorescence or even between inflorescences within one individual. However, resolving the taxonomic status of these forms is not the intention of this work and should be subjected to further molecular studies.
During the study, available specimens from 13 other European countries were also examined. The results obtained from herbarium examination are consistent with the data reported by Soják (1968) and Stearn (1978) , with the exception of the occurrence of A. ursinum subsp. ursinum, rather than A. ursinum subsp. ucrainicum, in Lithuania, something which has also been ascertained previously by Karpavičienė (2005 Karpavičienė ( , 2006 . In addition, the existence of intermediate forms in Latvia can be confirmed. The list of specimens examined is presented in the appendix.
Pedicel morphology and pollen ultrasculpture of both subspecies The review of the herbarium collections and the field investigations in Poland clearly distinguished two morphologically distinct taxa: A. ursinum subsp. ursinum and A. ursinum subsp. ucrainicum. The main feature differentiating the subspecies is the occurrence of characteristic epidermal structures, known as papillae, on the pedicels in A. ursinum subsp. ursinum, while A. ursinum subsp. ucrainicum has smooth pedicels with- out papillae (Fig. 2) . Furthermore, because of the occurrence of numerous papillae in the first subspecies, the pedicel surface has a different sculpture (Fig. 2) .
The use of scanning electron microscope also facilitated investigation of the details of the pollen exine sculpture. The ultrasculpture of A. ursinum pollen grains were previously investigated (Pastor 1981) , but never in relation to both taxa. The SEM observations showed the pollen grains of A. ursinum to be monad, medium-size, and monosulcate with bilateral symmetry. The ultrasculpture of the exine revealed great variability within each subspecies. This was rather surprising, particularly in view of the fact that the palynological characters of Allium genus members were previously evaluated for delimitation of the species (Namin et al. 2009) , with the emphasis on taxonomic implications. During the study, three types of exine sculpture were observed. In case of A. ursinum subsp. ucrainicum two types were recorded, namely granulate-rugulate and rugulate-striate; whereas A. ursinum subsp. ursinum in addition to abovementioned sculptures has also perforate-rugulate ornamentation (Fig. 3) . The first type is granulate-rugulate ornamentation, where irregularly arranged, elongated exine elements (rugulae) are accompanied by minor structures smaller than 1 µm (granulum) (Fig. 3: 1a,c) . In some cases, perforaterugulate ornamentation was recorded (Fig. 3: 2b, c) . This differs from the first in having prominent perforations. Clearly visible perforations occurred frequently only in the case of A. ursinum subsp. ursinum; however, their occurrence cannot be considered as a diagnostic feature, because the presence of perforations has not proved to be a constant feature in this subspecies. The diameter of these microperforations ranges from 0.12 to 0.17 µm. Moreover, the density of the perforations varied between samples. The third and final type of ornamentation observed is rugulate-striate and can be characterized by the presence of elongated exine elements separated by grooves and rugulae arranged predominantly in parallel (Fig 3: 1b, 2a) . In addition, the pattern of exine ornamentation, as well as the occurrence and density of perforations, were constant in relation to all the pollen grains taken from one specimen in one sample. The question of the differentiation of these features among individuals from one population promises to be an interesting one and will be subjected to further studies.
Habitats
In Poland, Allium ursinum primarily inhabits damp but well-drained and shady deciduous forest, usually with a high humus content. On the basis of the research, it seems that there are no differences in habitat preferences between the two subspecies. Different kinds of beechwoods belonging to Fagion sylvaticae and mainly located in the mountains, though also in the lowlands, appear to be the optimal habitat (38% of specimens examined); however, A. ursinum was also recorded in forests belonging to the Carpinion betuli alliance (28%). The other habitats for A. ursinum are various kinds K. Rola of riparian forests belonging to the Alno-Ulminon alliance, Salicetea purpurae or Alnetea glutinosae associations (20%). Recordings in parks, abandoned gardens and cemeteries were also relatively frequent (9%). In the northern part of the country, the species is rather rare and its localities are mainly connected with large and mostly ancient forest complexes, such as, for instance, Bia lowieża Forest, PuszczaŚwiętokrzyska Forest or Puszcza Borecka Forest. This distribution is consistent with the argumentation of Hermy (1992) and Dzwonko & Loster (2001) which assumes that the species belongs to the category of ancient forest species that are unable, or almost unable, to establish in secondary forests. The similar situation was found in Lithuania (Karpavičienė 2006) . Most of the A. ursinum habitats in Poland are located in protected areas such as nature reserves and national parks, which should be considered as a positive aspect. However, human influence is also noticeable even in areas such as these.
